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LONGITUDINAL  AERODYNAMIC CHARACTERISTICS OF A 

DEFLECTED-THRUST  PROPULSIVE-LIFT 

TRANSPORT MODEL 

Danny R. Hoad 
Langley  Directorate, U.S. Army Air Mobility R&D Laboratory 

SUMMARY 

I A  wind-tunnel  investigation has  been conducted to  determine  the effect of deflecting 
I the engine exit of a four-engine  double-slotted  flap  transport  to  provide STOL perfor- 
I 

mance.  Longitudinal  aerodynamic  data  were  obtained at various  engine exit positions  and 
deflections.  The  data were obtained at three  flap  deflections  representing  cruise, take- 
off, and  landing  conditions for a range of angles of attack  and  various  thrust  coefficients. 
Downwash angles at the  location of the  horizontal  tail  were  measured.  The  data are pre- 
sented without analysis  or  discussion. 

. .  . 

INTRODUCTION 

Many concepts  have  been  considered  to  provide  propulsive  lift  for  jet-powered 
transport  aircraft.  These  concepts  include  externally blown flap,  upper surface blown 
flap,  internally blown flap,  augmentor wing, and  deflected  thrust. (See refs. 1 to 6;) A 
comparison of several  of these  concepts,  investigated on a geometrically  similar model, 
is presented  in  reference 7. One of the  concepts  compared  was a configuration  utilizing 
deflected  thrust  coupled  with  mechanical  flaps.  The  present  paper  presents  the results 
of an investigation  conducted  to  determine  the  longitudinal  aerodynamic  characteristics 
of a deflected-thrust  concept  with  double-slotted  flaps. 

The  model  used  in  this  investigation was one of those  used  in  reference 7 and was 
built by the  National  Aeronautics  and  Space  Administration. It was a four-engine  short 
take-off  and  landing (STOL) transport  whose  engine  configurations  were  designed  to  simu- 
late three  specific  chordwise  engine  exit  positions  and  various exit deflection  angles. At 
each  engine exit position, up to  five  different  deflection  angles  were  available.  The  engine 
deflectors  were  built by the U.S. Air  Force Flight  Dynamics  Laboratory. 

The  investigation  was  conducted  in  the  Langley V/STOL tunnel. Tests were con- 
ducted  with three  flap  deflections  and  various  engine exit deflection  angles,  corresponding 
to cruise, take-off,  and  landing  configurations.  Each  configuration was  tested  through  an 



angle-of-attack  range  for  several  different  values of engine thrust  coefficients. Force 
and  moment  data  were  recorded at each  angle of attack  and  downwash  was  measured for 
several  configurations.  These  data are presented without analysis. No lateral- 
directional data are presented. 

SYMBOLS 

The  longitudinal  aerodynamic data in  this  report are referred  to  the  stability axes. 
(See  fig. 1.) The  origin of the axes was  located  on the fuselage  center  line  longitudinally 
at 0.40 mean  geometric  chord and  vertically at the  center  line of the  engines. 

The  units for the  physical  quantities  defined  in  this  paper are given in the  Inter- 
national  System of Units (SI) and  the U.S. Customary  Units.  Equivalent  dimensions  were 
determined by using  the  conversion  factors  given in reference 8. 

wing  span, m (ft) 

local wing chord, m (ft) 

' mean  geometric  chord, m (ft) 
*:. .> 

drag coefficient, Drag 
q,s 

lift  coefficient, - Lift 
&Is 

pitching-moment  coefficient, Pitching  moment 
q,sc 

thrust  coefficient, - Thrust 
q ,s 

horizontal-tail  incidence  angle  (positive,  trailing  edge down), deg 

free-stream  dynamic  pressure, N/m2 (lb/ft2) 

thrust, N (lbf) 

body reference axes (see fig. 1) 

angle of attack,  deg 



6f wing trailing-edge  flap  deflection  (positive when deflected down), deg 

9 engine  exit  deflection  angle  (positive when deflected down), deg 

9 ,  T jet-exhaust  deflection  angle  (positive when deflected down), 
tan- 1 Normal  force 

Axial force , deg 

E . downwash angle at horizontal tail (positive down from horizontal),  deg 

MODEL AND APPARATUS 

A three-view  drawing of the  model  with  dimensional  characteristics is presented 
in figure 2. This  model  was  identical  to  the  model  used  in  reference  2  and  was  very 
similar  to  the  models  used  in  reference 4. Photographs of the  model are presented  in 
figure 3. 

The  model had a 9.3-percent-thick  supercritical  airfoil wing  with a nominal 30' 
quarter  -chord  sweep.  The  20-percent-chord  wing-leading-edge slat extended  from  the 
fuselage  to  the wing tip  with a deflection of 50'. The  span of the  leading-edge slats was 
broken only to allow space  for  the  engine pylons. The  35-percent-wing-chord  double- 
slotted  flap  system  extended  from  the  fuselage  to  the  70.8-percent  semispan  station. 
The  flap  elements  were  deflected  to 35O and 65O from  the  flap  chord  zero  position for 
the  various tests. The  flap  chord  zero  position is deflected -1.6' relative to the wing 
reference  chord.  Flap,  vane,  and  leading-edge slat details   are shown  schematically  in 
figure 4. 

The  horizontal  tail had a 11.0-percent-thick  symmetrical  supercritical  airfoil  with 
an  incidence  range of *20° in 5' increments. It had a 15-percent-chord  leading-edge 
slat set at -40'. 

The  cruise  configuration  was  defined as the  model  with 0' flaps, no wing-leading- 
edge slats, and no horizontal-tail  leading-edge slats. The take-off configuration  was 
defined as the  model  with  the  double-slotted  flap  system set at 35", wing-leading-edge 
slat deployed at 50°, and  horizontal-tail  leading-edge slat deployed at -40'. The  landing 
configuration  was  defined as the  model  with  the  flap  system  set at 65", wing-leading-edge 
slat deployed at 50°, and  horizontal-tail  leading-edge slat deployed at -40'. 

Four air-powered  ejector  engine  simulators  were  used  to  represent  each  fan-jet 
propulsion  system.  Each  engine  simulator  was a two-part  ejector  with  individual air- 
supply  lines  and  control  valves  designed  to  provide efflux of the  fan  and  gas-generator 
stages similar to  that shown  in  figure  5(a).  To  simplify  calibration  and  tunnel  testing, it 
was decided to use only the  fan  stage  ejector  to  provide  the  engine  exhaust.  Each  ejector 
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was  fitted  with a series of cowl assemblies to provide a desired engine exit location  and 
deflection.  The  "basic  engine" cowl assembly (fig. 5(b)) was  designed so that  the fan -  
exit location  was at the -13 percent  chord  for  the  inboard  engines  and  the -17 percent 
chord  for  the  outboard  engines.  (Negative  values  denote  positions  forward of the  leading 
edge.) The exit was not  deflected from  the  horizontal for the  basic engine. ' The  other 
cowl assemblies are presented  in  figure 5, and  the  nomenclature for each is presented  in 
the following  table: 

I Cowl assembly I 
Exit 

location, 
percent c 

10 
10 
75 
75 
75 
75 
75 

110 
110 
110 
110 

6j, 
deg 

45 
90 
0 

25 
45 
65 
90 
25 
45 
65 
90 

Nomenclature 

10-45 
10-90 
75-0 
75-25 
75-45 
75-65 
75-90 

110-25 
110-45 
110-65 
110-90 

For  some of the  tests a flat plug was  placed  in  the  engine inlets to  determine  the effect 
caused by flow through  the  nacelle and deflected at the engine  exit  for power-off 
conditions. 

For  most of the tests, a rake (figs. 3 and 6) was  fastened  to  the  sting.  The  rake 
consisted of seven  yaw-pitch  probes  calibrated  to  determine  the flow direction  at  each 
probe  tip.  The rake was offset from  the  fuselage in the  vicinity of the horizontal tail so 
that  the downwash angle  could be determined.  (See fig. 6.) Most of the rake data were 
taken  with  the  horizontal  and  vertical tail removed;  however,  one series of tests was 
made  with  the  vertical tail in  place. 

The  model  was  mounted  in  the  Langley V/STOL tunnel  on a sting-supported six- 
component  strain-gage  balance  for  measurements of the  total  forces  and  moments. 
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TESTS AND CORRECTIONS 

This  investigation  was  conducted  in  the  Langley V/STOL tunnel at a free-stream 
dynamic pressure of 574 Pa (12 lb/ft2). The  Reynolds  number  (based  on wing mean 
aerodynamic  chord E and free-stream velocity)  was  approximately 0.579 x lo6. The 
data  presented  in  this report have  been  corrected for wind-tunnel  wall  effects by using 
the method described  in  reference 9. 

Calibrations were made  to  determine  the  thrust, inlet mass-flow rate, and primary 
mass-flow rate of the  fan stage of each  engine cowl assembly  separately as a function of 
its plenum pressure.  These data were  run at zero  airspeed and reflect  the  static  thrust 
only. The  values of thrust  coefficient are based  on  this  static-thrust  calibration  and are 
presented as the  conventional,  thrust  coefficient,  that is, static thrust  nondimensionalized 
by the  product of free-stream  dynamic  pressure and  wing area C = - ( q:s)- 

Jet-deflection  angles 6 j , ~  and  static-thrust  recovery  efficiency  were  determined 
from  measurements of the  normal  and axial forces  made  in  the  static-thrust condition 
with flaps  deflected  and  leading-edge slat deployed. The  engine  simulator  assemblies 
using  engine exit deflectors to turn  the flow achieved  jet-deflection  angles  equal  to  their 
respective  deflector  angles.  The  flap  static  turning  effectiveness  parameters  for  those 
engine  simulator  assemblies which used  the  flap  system  to  turn  the  engine flow simu- 
lating  an  externally blown flap  configuration are presented. 

The  various  engine  deflections  and  model  configurations  tested were chosen  to 
represent a cruise, take-off,  and  landing  configuration.  The cruise  configuration  was 
tested only  with the  basic  engine.  The  engine  simulators  tested  with  each  configuration 
were as follows: 

r Engine  simulator  assembly  for - 1 
Take-off configuration 

Basic  engine 
10 -4 5 engine 
75-0 engine 
7 5 -2 5 engine 
7 5 -4 5 engine 
110-25 engine 
110 -4 5 engine 

Landing  configuration 

Basic  engine 
10 -4 5 engine 
10-90  engine 
75-0 engine 
7 5 -4 5 engine 
75-65 engine 
75-90 engine 
110 -4 5 engine 
110-65 engine 
110-90 engine 
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The  seven-probe  yaw-pitch rake measured  the downwash angle at the  horizontal 
tail. The  accuracy of each  probe is *lo in flow  angle.  The. data  presented  were  machine 
faired.  A  more liberal fairing could be applied  to  these  data by considering  the  degree of 
accuracy. Wall corrections  were not  applied  to  the  probe  data  for  correction  to  the  local 
angle of attack of the tail. Calculations  indicate  that  the  maximum  local  angle-of-attack 
change is 1' when the.method  described  in  reference 10 is used.  A  sample of the down- 
wash  angles  for  one  configuration (75-0, Cp = 0) and  engine inlets closed  and  open is 
presented.  Since  the  differences are slight,  and  the  other  configurations  with  power off 
are typical,  only  the  one  figure is presented. 

PRESENTATION OF RESULTS 

Results of the  present  investigation are presented  in  the following figures without 
analysis  or  discussion: 

Figure 
Flap static turning  effectiveness  for  externally blown flap  configurations 

at thrust of 832 N (187 lb) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Effect of thrust  coefficient on longitudinal  aerodynamic  characteristic 
configurations  with  tail off: 
Cruise  configuration  with basic engine  assembly . . . . . . . . . . . . . . . . 
Take -off configuration - 

Basic  engine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10-45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
75-0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
75-25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
75-45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
110-25' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
110-45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Landing  configuration - 
Basic  engine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10-45.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10-90 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
75-0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
75-45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
75-65 . . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . . .  . . . .  
75-90. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
110-45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
110-65 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
110-90 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 

9 
10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

6 



I 
. 

Figure 

Effect of tail incidence on longitudinal aerodynamic characteristics  for . 
Cruise configuration  with basic engine assembly: 

c p = o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
cp=0 .19  . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c p  = 1.99 . . . . . . . . . . .  ., . . . . . . . . . . . . . . . . . . . . . . . .  
Cp=0.97 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! 

Take -off configuration - 
Basic engine, Cp = 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Basic engine, Cp = 2.00 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Basic engine. Cp = 3.96 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10-45. C p = O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10-45. C p  = 2.13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
75-45. cp = 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
75-45. cp = 2.01 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10-45, C p  = 4.28 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

75-45. Cp = 4.03 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
110-45. C p  = O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
110-45. C p = 2 . 0 2 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
110-45. Cp = 4 . 0 2 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Landing  configuration - 
Basic engine, Cp = 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Basic engine. Cp = 2.00 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Basic engine. Cp = 3.96 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10-45. C p  = 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10-45. Cp = 2.13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10-45. Cp ~ 4 . 2 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10-90. c p  = 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10-90. variable Cp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10-90. Cp = 4.40 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
75-65, C p  = 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
75-65. Cp = 2.01 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
75-65. C p  = 4.06 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
110-65. C p  = O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
110-65. Cp = 2.05. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
110-65. C p  ~ 4 . 0 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

26 
27 
28 
29 

30 
3 1  
32 
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35 
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38 
39 
40 
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42 
43 
44 
45 
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Figure 

Effect of angle of attack  on downwash angle at horizontal-tail 
location  for . 
Take -off configuration . 

75.0, Cp = 0. inlets closed  and  open . . . . . . . . . . . . . . . . . . . . .  
75.0. C p  = 0.99, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.0. Cp = 2.00, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.0. C p  = 2.97, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.0. Cp = 3.94, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.25. C p  = 0. inlets closed . . . . . . . . . . . . . . . . . . . . . . . . .  
75.25. C p  = 1.00, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.25. C p  = 1.99, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.25. C p  = 3.01, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.25. C p  = 4.00, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.45. C p  = 0. inlets  closed . . . . . . . . . . . . . . . . . . . . . . . . .  
75.45. C p  = 0.96, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.45. C p  = 2.01, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.45. C p  = 3.01, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.45. C p  = 3.99, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
110.25. C p  = 0. inlets closed . . . . . . . . . . . . . . . . . . . . . . . . .  
110.25. C p  = 0.97, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110.25. C p  = 2.01, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110.25. Cp = 3.02, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110.25. C p  = 4.05, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110.45. C p  = 0. inlets  closed . . . . . . . . . . . . . . . . . . . . . . . . .  
110.45. C p  = 0.97, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110.45. C p  = 2.02, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110.45. C p  = 3.03, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110.45. C p  = 4.04, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
75.0. Cp = 0. inlets closed . . . . . . . . . . . . . . . . . . . . . . . . . .  
75.0. Cy = 1.99, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.0. C p  = 2.98, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.0. Cp = 3.96, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.45. C p  = 0. inlets closed . . . . . . . . . . . . . . . . . . . . . . . . .  
75.45. C p  = 0.96, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75.45. C p  = 2.00, inlets  open . . . . . . . . . . . . . . . . . . . . . . . . .  

Landing  configuration - 

75.0. C p  = 0.97, inlets open . . . . . . . . . . . . . . . . . . . . . .  ; . .  
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75-45, C p  = 3.02, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75-45, Cp = 4.03, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75-65, C p  = 0, inlets closed . . . . . . . . . . . . . . . . . . . . . . . . .  
75-65, C p  = 1.01, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75-65, C p  = 2.02, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75-65, Cp = 3.05, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75-65, C p  = 4.07, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75-90, C p  = 0, inlets  closed . . . . . . . . . . . . . . . . . . . . . . . . .  
75-90, C p  = 1.00, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75-90, Cp = 2.03, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
75-90, C p  = 3.25, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  
110-45, Cp = 0, inlets closed . . . . . . . . . . . . . . . . . . . . . . . . .  
110-45, C p  = 0.99, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110-45, C p  = 2.01, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110-45, C p  = 3.03, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110-45, C p  = 4.03, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110-65, C p  = 0, inlets  closed . . . . . . . . . . . . . . . . . . . . . . . . .  
110-65, C p  = 1.01, inlets  open . . . . . . . . . . . . . . . . . . . . . . . .  
110-65, Cp = 2.05, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110-65, Cp = 3.05, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110-65, C p  = 4.08, inlets  open . . . . . . . . . . . . . . . . . . . . . . . .  

75-90, C p  = 4.30, inlets open . . . . . . . . . . . . . . . . . . . . . . . . .  

110-65, C p  = 0, inlets closed,  vertical tail on . . . . . . . . . . . . . . . .  
110-65, C p  = 2.04, inlets open, vertical tail on . . . . . . . . . . . . . . .  
110-65, C p  = 4.08, inlets open, vertical tail on . . . . . . . . . . . . . . .  
110-90, C p  = 0, inlets closed . . . . . . . . . . . . . . . . . . . . . . . . .  
110-90, Cp = 1.01, inlets  open . . . . . . . . . . . . . . . . . . . . . . . .  
110-90, C p  = 2.02, inlets  open . . . . . . . . . . . . . . . . . . . . . . . .  
110-90, Cp = 3.05, inlets open . . . . . . . . . . . . . . . . . . . . . . . .  
110-90, Cp = 4.10, inlets  open . . . . . . . . . . . . . . . . . . . . . . . .  

Langley  Research  Center 
National  Aeronautics and Space  Administration 
Hampton, Va. 23665 
August 1, 1975 
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Wind direction 

Figure 1.- Axis  system  used in presentation of data. Arrows 
indicate  positive  direction of forces and moments. 
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Wing: 
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4.M 
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Figure 2.-  Dimensions and characteristics of the  model. Dimensions are in 
centimeters  (in.)  unless otherwise noted. 



L-72-5502 
(a)  Front  view of model  with  75-65  engine and yaw-pitch  rake installed. 

Figure 3. - Model installed in Langley  V/STOL  tunnel. 



L-72-5607 
(b) Rear  view of model  showing details of 10-45 engines and flap  system. 

Figure 3. - Concluded. 



Take-off configuration 

Win9  reference  chord 

Landing configuration 

Figure 4.- Wing details in take-off and landing configuration. 
Dimensions are given  in  fraction of local chord. 

15 



Rivs air 
””””” 

Fan ejector 1 
SECTION A-A 

B-B c-c D-D 

(a) Ejector details. 

Figure 5.- Details of engine simulators  installed in  outboard position on model. 
Dimensions are in centimeters (in.). 



- - -. . -. . 

"""""" 

(b) Basic engine. 

c rn 

( c )  10-45 engine. 

(d) 10-90 engine. 

Figure 5. - Continued. 
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- """_" "" 

(e) 75-0 engine. 

, "_=- -~"- ~ ----- """_ ' - -1 "" 

(f) 75-25  engine. 

(g)  75-45  engine. 

Figure 5. - Continued. 



7 5 z c  - 

(h) 75-65 engine. 

- - - - - -  

f "  - - - 

i _"" 
c- 

(i) 75-90 engine. 

Figure 5.- Continued. 
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' i  '. 

."""_ --- 5' 

(j) 110-25 engine. 

"" -" " 

""""--- 

(k) 110-45 engine. 

Figure 5. - Continued. 
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(1) 110-65 engine. 

1- ""_" --" 

" - -  - 

(m) 110-90 engine. 

Figure 5. - Concluded. 
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Probe psition with V-tall off Pr& psi tion  wlth V-tal I on 

Figure 6.- Details of yaw-pitch rake position. Dimensions are in centimeters (in.). 



Engine Take-off Landing 
, .  (sf= 35') (sf= 65') 

Figure 7.- Flap static turning effectiveness for externally blown flap 
configurations.  Tail off; q, = 0, T = 832 N (187 lb). 
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Figure 8.- Effect of thrust  coefficient on  longitudinal  aerodynamic characteristics. 
Cruise  configuration;  basic  engine;  tail off. 
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Figure 8. - Concluded. 
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Figure 9.-  Effect of thrust coefficient on longitudinal  aerodynamic characteristics. 
Take-off configuration; basic engine; tail off. 
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Figure 9. - Concluded. 
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Figure 10.- Effect of thrust  coefficient on  longitudinal  aerodynamic characteristics. 
Take-off  configuration;  engine 10-45; tail off. 
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Figure 10. - Concluded. 
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Figure 11.- Effect of thrust  coefficient on  longitudinal  aerodynamic characteristics. 
Take -off configuration;  engine 75-0; tail off. 
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Figure 11. - Concluded. 
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Figure 12. - Effect of thrust coefficient on longitudinal aerodynahic  characteristics. 
Take-off characteristics; engine 75-25; tail off, 
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Figure 12. - Concluded. 
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Figure 13.- Effect of  thrust  coefficient on  longitudinal  aerodynamic characteristics. 
Take-off  configuration;  engine 75-45; tail off. 
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Figure 13. - Concluded. 
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Figure 14. - Effect of thrust coefficient on longitudinal  aerodynamic characteristics. 
Take-off configuration; engine 110-25; tail off. 
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Figure 14. - Concluded. 
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Figure 15.- Effect of thrust coefficient on  longitudinal  aerodynamic characteristics. 
Take-off  configuration;  engine  110-45; tail off. 
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Figure 15. - Concluded. 
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Figure 16.- Effect Of thrust coefficient on longitudinal  aerodynamic characteristics. 
Landing  configuration; basic engine; tail off. 



3 

2 

1 

0 

Crn 

-1 

-2 

-3 

A 
-4 0 4 8 12 16 20 24 -2 0 2 4 6 8 

a ,  deg 

Figure 16. - Concluded. 
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Figure 17. - Effect of thrust coefficient on  longitudinal  aerodynamic characteristics. 
Landing configuration;  engine 10-45; tail off. 
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Figure 17. - ,Concluded. 
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Figure 18.- Effect of thrust coefficient on longitudinal  aerodynamic characteristics. 
Landing configuration; engine 10-90; tail off. 
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Figure 18. - Concluded. 



4 0 4 8 12  16  24 3 -2 -1 0 1 2 3 
a, deg 

Figure 19.- Effect of thrust  coefficient on  longitudinal  aerodynamic characteristics. 
Landing  configuration;  engine 75-0; tail off. 
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Figure 19. - Concluded. 
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Figure 20. - Effect of thrust coefficient on longitudinal  aerodynamic characteristics. 
Landing configuration;  engine 75-45; tail off. 
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Figure 20. - Concluded. 
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Figure 21.- Effect of thrust coefficient on longitudinal  aerodynamic characteristics. 
Landing  configuration;  engine 75-65; tail off, 



I 

0 

cm 

-1 

-2 

I 



8 

7 

6 

5 

4 

c L  
3 

2 

1 

0 

-1 
-4 0 4 8 12 16 20 24 -3 -2 -1 0 1 2 3 

a, deg c D  

Figure 22. - Effect of  thrust  coefficient  on  longitudinal  aerodynamic characteristics. 
Landing  configuration;  engine 75-90; tail  off. 
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Figure 22. - Concluded. 
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Figure 23. - Effect of thrust coefficient on longitudinal  aerodynamic characteristics. 
Landing configuration;  engine 110-45; tail off. 
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Figure 23.- Concluded. 
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. .  Figure 24.- Effect of tnrust  coefficient on longitudinal  aerodynamic characteristics. 
Landing  configuration;  engine 110-65; tail off. 
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Figure 24. - Concluded. 
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Figure 25.- Effect of thrust coefficient on  longitudinal  aerodynamic characteristics. 
Landing configuration;  engine 110-90; tail off. 

I 



0 4 8 12 16 20 24 -2 0 2 4 
a, deg c L  

Figure 25. - Concluded. 



Figure 26.- Effect of tail incidence on longitudinal  aerodynamic characteristics. 
Cruise configuration; basic engine; Cp = 0. 



Figure 26. - Concluded. L 
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Figure 27.- Effect of tail  incidence on longitudinal  aerodynamic characteristics. 
Cruise  configuration;  basic  engine; Cp = 0.19. 
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Figure 27. - Concluded. 



2.8 

2.4 

2.0 

1.6 

1.2 

CL 
.8 

.4 

0 

-.4 

.1 

-4 0 4 8 12  16 m 24  -2.0  -1.6  -1.2 -.8 -.4 0 .4 .8 
a, deg c D  

Figure 28.- Effect of tail incidence on longitudinal  aerodynamic  characteristics. 
Cruise  configuration;  basic  engine; Cp = 0.97. 
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Figure 28. - Concluded. 
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Figure 29.- Effect of tail incidence on  longitudinal  aerodynamic characteristics. 
Cruise configuration; basic engine; C p  = 1.99. 



Figure 29. - Concluded. 
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Figure 30.- Effect of tail incidence on longitudinal aerodynamic characteristics. 
Take-off  configuration; basic engine; C p  = 0. 
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Figure 31.- Effect of tail incidence on  longitudinal  aerodynamic characteristics. 
Take-off  configuration; basic engine; C p  = 2.00. 
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Figure 31. - Concluded. 
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Figure 32.- Effect of tail incidence on longitudinal  aerodynamic characteristics. 
Take-off configuration; basic engine; C p  = 3.96. 
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Figure 32. - Concluded. 



Figure 33.- Effect of tail incidence on  longitudinal  aerodynamic characteristics. 
Take  -off configuration;  engine 10-45; C p  = 0. 
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Figure 33. - Concluded. 



Figure 34.- Effect of tail incidence  on  longitudinal  aerodynamic characteristics. 
Take-off  configuration;  engine 10-45; C p  = 2.13. 
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Figure 34. - Concluded. 



Figure 35.- Effect of tail incidence on longitudinal  aerodynamic characteristics. 
Take-off configuration; engine 10-45; Clr = 4.28. 
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Figure 35. - Concluded. 
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Figure 36.- Effect of tail incidence on  longitudinal aerodynamic characteristics. 
Take-off  configuration; engine 75-45; Cp = 0. 
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Figure 36. - Concluded. 
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Figure 37.-  Effect of tail incidence on longitudinal  aerodynamic characteristics. 
Take-off  configuration;  engine 75-45; CIJ. = 2.01. 



Figure 37. - Concluded. 
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Figure 38.- Effect of tail incidence  on  longitudinal  aerodynamic characteristics. 
Take-off  configuration;  engine 75-45; C p  = 4.03. 
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Figure 38. - Concluded. 
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Figure 39.- Effect of tail incidence on longitudinal  aerodynamic characteristics. 
Take-off configuration; engine 110-45; C p  = 0. 
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Figure 39. - Concluded. 
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Figure 40.- Effect of tail incidence on  longitudinal  aerodynamic characteristics. 
Take-off  configuration;  engine 110-45; Cp = 2.02. 
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Figure 40. - Concluded. 
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Figure 4 1. - Effect of tail incidence on longitudinal  aerodynamic characteristics. 
Take-off configuration; engine 110-45; C p  = 4.02. 
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Figure 41. - Concluded. 
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Figure 42.- Effect of tail incidence on  longitudinal aerodynamic characteristics. 
Landing configuration; basic engine; Cp = 0. 
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Figure 43.- Effect of tail incidence on longitudinal  aerodynamic  characteristics. 
Landing  configuration;  basic  engine; Cp = 2.00. 
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Figure 43. - Concluded. 
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Figure 44.- Effect of tail  incidence on longitudinal  aerodynamic  characteristics. 
Landing  configuration;  basic  engine; C p  = 3.96. 
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Figure 44. - Concluded. 



Figure 45.-  hlfect of tail incidence on longitudinal aerodynamic characteristics. 
Landing  configuration;  engine 10-45; C p  = 0. 
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Figure 4 5. - Concluded. 
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Figure 46.- Effect of tail incidence on longitudinal  aerodynamic characteristics. 
Landing configuration; engine 10-45; C p  = 2.13. 
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Figure 46. - Concluded. 
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Figure 47.- Effect of tail incidence on  longitudinal aerodynamic characteristics. 
Landing configuration;  engine 10-45; C p  = 4.26. 
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Figure 47. - Concluded. 
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Figure 48.- Effect of tail incidence on  longitudinal  aerodynamic characteristics. 
Landing  configuration;  engine 10-90; Cp = 0. 
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Figure 49.- Effect of tail incidence on  longitudinal  aerodynamic characteristics. 
Landing  configuration;  engine 10-90. 
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Figure 50.- Effect of tail incidence on  longitudinal aerodynamic characteristics. 
Landing configuration; engine 10-90; C p  = 4.40. 
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Figure 50. - Concluded. 
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Figure 51.- Effect of tail incidence on longitudinal  aerodynamic characteristics. 
Landing configuration; engine 75-65; Cp = 0. 
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Figure 51. - Concluded. 
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Figure 52. - Effect -of -tail incidence on  longitudinal  aerodynamic characteristics. 
Landing configuration;  engine 75-65; Cp = 2.01. 
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Figure 52. - Concluded. 
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Figure 54.- Effect of tail incidence on longitudinal aerodynamic characteristics. 
Landing configuration; engine 110-65; Cp = 0. 
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Figure 54. - Concluded. 
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Figure 55.- Effect of tail incidence  on  longitudinal  aerodynamic characteristics. 
Landing configurati0n;engine 110-65; C p  = 2.05. 



Figure 55. - Concluded. 
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Figure 56.- Effect of tail incidence on  longitudinal aerodynamic characteristics. 
Landing configuration; engine 110 -65; Cp = 4.08. 
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(a) C p  = 0. 

Figure 57.- Effect of angle of attack on  downwash angle at horizontal-tail  location. 
Take-off configuration; engine 75-0; vertical  tail and horizontal tail  off. 
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(b) Cp = 0.99; inlets open. 

Figure 57. - Continued. 
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Figure 57.- Continued. 
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Figure 57. - Continued. 
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Figure 57.- Concluded. 
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(b) Cp = 1.00; inlets open. 

Figure 58.- Continued. 
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(c) Cp = 1.99; inlets open. 

Figure 58.- Continued. 
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(d) Cp = 3.01; inlets open. 

Figure 58. - Continued. 
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Figure 59.- Effect of angle of attack on  downwash angle  at horizontal-tail location. 
Take-off  configuration;  engine 75-45; vertical  tail and horizontal tail off. 
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(b) Cp = 0.96; inlets open. 

Figure 59. - Continued. 



(c) Cp = 2.01; inlets open. 

Figure 59. - Continued. 
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(d) C p  = 3.01; inlets open. 

Figure 59. - Continued. 
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Figure 59.- Concluded. 
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(a) C p  = 0; inlets  closed. 

Figure 60. Effect of  angle  of  attack  on  downwash angle at horizontal-tail location. 
T&e-off configuration;  engine 110-25; vertical  tail and horizontal tail Off. 
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Figure 60. - Continued, 
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(c) Cp = 2.01; inlets open. 

Figure 60. - Continued. 
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(d) Cp = 3.02; inlets open. 

Figure 60. - Continued. 
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Figure 60. - Concluded. 



(a) C p  = 0; inlets  closed. 

Figure 61. - Effect of angle of attack on  downwash angle  at horizontal-tail location. 
Take-off configuration; engine 110-45; vertical  tail and horizontal tail off. 



c 
W 

12 

8 

4 

0 0 4 8 12 16 20  24  28  32 
Spanwise location, % b/2 

(b) Cp = 0.97; inlets open. 

Figure 61. - Continued. 
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Figure 6 1. - Continued. 
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Figure 61. - Continued. 
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Figure 6 1. - Concluded. 
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(a) C p  = 0; inlets  closed. 

Figure 62.- Effect of angle of attack on  downwash angle  at horizontal-tail location. 
Landing configuration; engice 75-0; vertical  tail and horizontal tail off. 
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Figure 62. - Continued. 
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(c) C p  = 1.99; inlets open. 

Figure 62. - Continued. 
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(d) Cp = 2.98; inlets open. 

Figure 62. - Continued. 



I 
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Figure 62.- Concluded. 
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(a) C p  = 0; inlets  closed. 

Figure 63.- Effect of angle of attack on  downwash angle at horizontal-tail location. 
Landing configuration; engine 75-45; vertical  tail and horizontal tail off. . .  



(b) Cp = 0.96; inlets open. 

Figure 63. - Continued. 
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(c) Cp = 2.00; inlets open. 

Figure 63. - Continued. 



Figure 63. - Continued. 
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Figure 63.- Concluded. 
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(a) Cp = 0; inlets  closed. 

Figure 64.- Effect of angle of attack on  downwash angle at horizontal-tail location. 
Landing  configuration;  engine 75-65; vertical  tail and horizontal tail off. 
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(b) Cp = 1.01; inlets open. 

Figure 64. - Continued. 



(c) Ccl = 2.02; inlets open. 

Figure 64.- Continued. 
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(d)  CP = 3.05; inlets open. 

Figure 64. - Continued. 
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Figure 64. - Concluded. 
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(a) C P  = 0; inlets  closed. 

Figure 65.-  Effect of angle of attack  on  downwash  angle  at horizontal-tail location. 
Landing configuration;  engine 75-90; vertical  tail and horizontal tail  off. 
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(b) Cv = 1.00; inlets open. 

Figure 65. - Continued. 
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(c) C p  = 2.03; inlets open. 

Figure 65. - Continued. 
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(d) Cp = 3.25; inlets open. 

Figure 6 5. - Continued. 
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(e) Cp = 4.30; inlets open. 

Figure 65. - Concluded. 
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(a) C p  = 0; inlets  closed. 

Figure 66.- Effect of angle of attack on  downwash angle at horizontal-tail location. 
Landing configuration;  engine 110-45; vertical  tail and horizontal tail off. 



(b) Cp = 0.99; inlets open. 

Figure 66. - Continued. 
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(c) Cp = 2.01; inlets open. 

Figure 66. - Continued. 



(d) C p  = 3.03; inlets open. 

Figure 66. - Continued. 
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(a) C p  = 0; inlets  closed. 

Figure 67.- Effect of angle of attack on downwash angle at horizontal-tail location. 
Landing configuration;  engine 110-65; vertical  tail and horizontal tail off. 
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(b) Cp = 1.01; inlets open. 

Figure 67. - Continued. 



(c) Cp = 2.05; inlets open. 

Figure 67. - Continued. 
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(d) Cp = 3.05; inlets open. 

Figure 67. - Continued. 
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(e) CcL = 4.08; inlets open. 

Figure 67. - Concluded. 
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(a) Cp = 0; inlets  closed. 

Figure 68. - Effect of angle of attack on  downwash angle  at horizontal-tail location. 
Landing configuration;  engine 110-65; vertical  tail on;  horizontal tail off. 
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(b) Cp = 2.04; inlets open. 

Figure 68. - Continued. 
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(c) CP = 4.08; inlets open. 

Figure 68. - Concluded. 
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(a) C p  = 0; inlets  closed. 

Figure 69. - Effect of angle of attack  on  downwash  angle  at horizontal-tail  location. 
Landing configuration;  engine 110-90; vertical  tail and horizontal tail off. 
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(b) Cp = 1.01; inlets open. 

Figure 69. - Continued. 
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(c) C p  = 2.02; inlets open. 

Figure 69. - Continued. 
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(d) C p  = 3.05; inlets open. 

Figure 69.- Continued. 
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Figure 69. - Concluded. 
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